external rotation. These measures have demonstrated acceptable reliability, with inter-rater intra-class correlation coefficients (ICC) ranging from 0.57 to 0.70, and intra-rater ICC ranging from 0.59 to 0.67 (Hayes et al 2001) .
2. Manual muscle tests, graded from 1 (trace or absent muscle contraction) to 5 (normal muscle force), for the movements of internal rotation, external rotation and elevation. These measures have demonstrated acceptable reliability, with inter-rater ICC ranging from 0.55 to 0.73, and intra-rater ICC ranging from 0.79 to 1.00 (Hayes et al 2002) .
In total, eight trained assessors participated in the present investigation. Independent, blinded assessment was performed pre-operatively, and at six, 12, and 24 weeks postoperation for all range of motion and muscle force measures.
The Shoulder Service Questionnaire, a modified version of the Shoulder Rating Questionnaire (L'Insalata et al 1998), was also included for the assessment of physical symptoms, activity capacity, including items associated with sport, work and lifestyle, and overall shoulder status. The Shoulder Service Questionnaire was completed independently by each subject pre-operatively, and at six, 12, and 24 weeks postoperation.
Procedures All operations were performed as day cases, by the same surgeon, to ensure a standardised operative technique. The procedure was performed in the beach-chair position, with an interscalene block regional anaesthesia as previously described (Cummins et al 2003) . Following arthroscopic examination, an open deltoid splitting approach was made into the subacromial space. Following an acromioplasty, a combination of side to side sutures and suture anchors (Mitek RC) were used for tendon to tendon and tendon to bone repair (Cummins et al 2003) .
For the first post-operative day, the affected extremity was immobilised in a sling. Thereafter, all subjects were encouraged to discard the sling and commence light functional activities. During the first post-operative week, all subjects were encouraged to utilise cryotherapy (a) and exercise three times per day in accordance with phase one of a threephase (six month) standardised home exercise regime. Phase one exercises were issued by one of the researchers at the time of a pre-operative physiotherapy consultation. Phase one exercises consisted of ten repetitions each for elbow flexion and extension, grip formation, scapular retraction and pendular shoulder movements. Phase two exercises were issued by the treating surgeon at the time of the first postoperative clinic, eight days post-operation. Phase two exercises consisted of ten repetitions each for active-assisted shoulder flexion and external rotation (one to two daily sessions); and ten repetitions, five seconds duration each for isometric shoulder flexion, extension, abduction, adduction, external rotation and internal rotation (three to five daily sessions). Phase three exercises were issued by the treating surgeon at the time of the second post-operative clinic, six weeks post-operation. Phase three exercises consisted of five repetitions, ten seconds duration each for flexion, horizontal flexion and external rotation (one daily session); ten repetitions each for active-assisted shoulder flexion, extension, external rotation and hand behind back (one to two daily sessions); three sets of ten repetitions each for theraband-resistive retraction, flexion, abduction, adduction, external rotation and internal rotation (two daily sessions).
Recruitment to the trial took place during the first postoperative clinic. Allocation to either the individualised physiotherapy group or standardised home exercise group was predetermined by a random numerical sequence of computer generated digits. While the investigator was aware of a potential subject's intended form of allocation, participants were unaware of the same at the time they consented to the trial. Baseline assessment of passive range of motion and muscle force, and completion of the Shoulder Service Questionnaire had previously been undertaken at the time of the pre-operative surgical consultation.
The participating surgeon encouraged all subjects to comply with their allocated form of rehabilitation. With the exception of this encouragement, routine post-operative follow-up by the participating surgeon, and the previously described threephase home exercise regime, subjects in the standardised home exercise group received no other rehabilitation. Subjects in the physiotherapy group received individualised physiotherapy treatment in addition to the standardised home exercise regime. In total, seven physiotherapy clinics agreed to participate in this trial.
Individualised physiotherapy treatment was commenced during the second post-operative week. All aspects of physiotherapy management, including treatment content, rate of rehabilitation progression, and total number of sessions were determined by the treating physiotherapist. Where deemed appropriate, the standardised home exercise regime that had been issued by the treating surgeon was modified with respect to content and frequency of exercise. Accordingly, individualised physiotherapy treatment and the adjuvant home exercise regime may have consisted of any combination of exercises, manual therapy techniques, physical modalities of ice and moist heat, and rehabilitation and home exercise advice. Treating physiotherapists were advised not to advocate exercises or functional activities that caused an increase in pain above resting intensity. Subjects in the individualised physiotherapy group were encouraged to attend scheduled appointments and fulfil prescribed home exercise obligations. On average, subjects in the individualised physiotherapy group received 16 ± 11 treatments over 17 ± 9 weeks. No formal attempt was made to monitor compliance with the standardised or physiotherapistdetermined home exercise routine.
Subjects who sought treatment in addition to their allocated form of rehabilitation were regarded as allocated treatment non-compliers. Data from these subjects, both before and after the point of treatment non-compliance, were analysed in the group to which they had initially been assigned.
Data analysis
Mean and median (95% confidence interval) outcomes for the individualised physiotherapy group and standardised home exercise group, and between-group (95% confidence interval) difference scores were calculated for each assessment occasion. Range of motion and functional outcome data collected for the individualised physiotherapy group and standardised home exercise group for the period that encompassed pre-operation to 24 weeks post-operation were analysed with a factorial (group x time) ANOVA with four repeated measures on the time factor. Muscle force data collected for these two groups for the same assessment period were analysed with Friedman tests and Mann Whitney U tests.
Descriptive and clinical characteristics for allocated treatment non-compliers and the remaining cohort were analysed with Student's t-tests and Fisher exact tests. Mean (95% confidence interval) and median outcome for allocated treatment non-compliers were calculated for the first assessment occasion that preceded the commencement of an additional form of rehabilitation.
All analyses reported in this study were performed with SPSS v 10.0 statistical software. For all analyses, p < 0.05 was selected as the level of statistical significance.
Results
Key descriptive and clinical characteristics for subjects in the individualised physiotherapy group and standardised home exercise group at the commencement of the study are displayed in Table 1 . Pre-operative measures for the individualised physiotherapy group and standardised home exercise group are presented in Tables 2-4. The proportion of missing data for both treatment groups, for each of the individual pre-operative measures is presented in Figure 1 . With the exception of elevation muscle force, which was statistically greater for the physiotherapy group (mean between-group difference = 0.5 (0 to 0.5, p < 0.03), there were no significant differences between the two groups prior to operation for any of the characteristics or pre-operative measures listed in Tables 1-4. Post-operative outcomes for the individualised physiotherapy group and standardised home exercise group are displayed in Tables 2-4 . The proportion of missing data for both groups, for each of the individual post-operative measures, is presented in Figure 1 . There were no statistically significant differences between the two groups post-operatively for any passive range of motion, muscle force or functional outcome measure.
Throughout the course of this investigation, one subject from the individualised physiotherapy group sought acupuncture treatment and nine subjects from the standardised home exercise group sought individualised physiotherapy treatment (Figure 1 ). These ten subjects, who did not comply with their allocated form of rehabilitation, were compared to the remaining total cohort for each of the key descriptive and clinical characteristics listed in Table 1 . The only characteristic which was statistically different for the two groups was mean age, with allocated treatment non-compliers being significantly older than those subjects who complied with their allocated treatment (mean age: allocated treatment non-compliers = 67 ± 11 years, total cohort minus allocated treatment non-compliers = 59 ± 10 years, p = 0.03).
Discussion
In this study, similar passive range of motion, muscle force, and functional outcomes were demonstrated at six, 12 and 24 weeks post-operation for subjects who were allocated to rehabilitation via one of two distinct treatment methods: individualised physiotherapy treatment, or a standardised home exercise regime. By 24 weeks post-operation, both groups demonstrated outcomes that were consistent with near full passive shoulder range of motion and muscle force capacity, and a markedly improved overall shoulder status. In a previous study involving 108 cases of rotator cuff repair (Roddey 2002) , comparable self-reported outcomes for shoulder pain, function, and treatment satisfaction were demonstrated at 12, 24, and 52 weeks post-operation for subjects who rehabilitated according to a standardised home exercise regime that was conveyed via one of two distinct instructional methods: physiotherapist-instruction or videotaped-instruction. On the basis of these collective results, the involvement of a physiotherapist would appear to offer no additional benefit to that associated with a standardised unsupervised home exercise regime in the process of rehabilitation after rotator cuff repair. From a financial perspective, the relative costs associated with the delivery of individualised physiotherapy treatment and standardised home exercise render the former the more costly of the two rehabilitation methods after rotator cuff repair.
In this study, a sub-group of 10 subjects, who were significantly older than the remaining cohort, sought treatment in addition to their allocated form of rehabilitation. Nine of these 10 treatment non-compliers were initially allocated to the standardised home exercise group and elected to seek physiotherapy treatment. The remaining treatment non-complier was initially allocated to the individualised physiotherapy group and elected to seek acupuncture treatment. Post-operative assessment results, therefore, represented the outcome associated with referral to one particular method of rehabilitation relative to another, including additional rehabilitation decisions made by subjects in a clinical setting in an attempt to satisfy their specific recovery needs.
The decision to seek an alternative treatment would seem to imply dissatisfaction with the allocated form of rehabilitation and, in this study, to imply substantially greater dissatisfaction with the standardised home exercise regime. While reasons for seeking an alternative treatment are unknown, a suboptimal rate of post-operative recovery for this subgroup of subjects may have contributed to allocated treatment noncompliance.
For the six-month duration of this investigation, missing data accounted for between 0% and 31% of assessment results for the individualised physiotherapy group, and between 3% and 44% of assessment results for the standardised home exercise group. As a consequence of missing data, the likelihood of finding statistically significant between-group outcome differences for the given effect size and level of statistical significance was reduced. In a previously reported study (Roddey 2002) comparing the efficacy of two instructional approaches to home exercise after rotator cuff repair, similar levels of missing data were reported, with 38% of assessment results missing throughout the 12 month duration of the trial. The results of this and the present investigation highlight the inherent difficulty associated with the process of data collection in post-operative clinical research.
Although demonstrating marked improvement in overall shoulder status by the end of the present study, subjects in the individualised physiotherapy group and standardised home exercise group reported mean residual functional deficits of 14% and 32% respectively at 24 weeks post-operation. Residual functional deficits following rotator cuff repair and subsequent rehabilitation have previously been reported at 52 weeks post-operation (Roddey 2002) . In the absence of data beyond 52 weeks post-operation, it remains to be determined whether rotator cuff repair and post-operative rehabilitation ultimately results in a full resolution of physical symptoms and a full restoration of functional capacity for work, sport and lifestyle pursuits.
For the short-term following rotator cuff repair, both the individualised physiotherapy group and standardised home exercise group demonstrated a decrease in all passive shoulder range of motion and elevation muscle force measures. In contrast, for the same post-operative period, both groups reported improvements in physical symptoms, activity capacity (work), and overall shoulder status. It would appear from these results that symptom relief was a more important determinant of self-assessed functional recovery in the short term than passive range of motion and isometric muscle force status. In the absence of corresponding data for this population of patients, it remains to be determined whether active shoulder range of motion assessments better reflect self-assessed functional recovery following rotator cuff repair.
Previous studies investigating the reliability of muscle force assessments have shown that manual muscle tests lack the sensitivity to discern between various outcomes in grade 4 to 5 test categories (Beasley 1956 , Hayes et al 2002 . In the present study, most muscle force outcomes were recorded in grade 4 to 5 test categories. It could be argued that a more discriminative method for muscle force assessment, such as that afforded by hand-held dynamometry (Hayes et al 2002) , may have provided the means for discerning subtle betweengroup and time-dependent variations in muscle force outcomes, if such variations existed.
In conclusion, outcomes for subjects allocated to individualised physiotherapy treatment after rotator cuff repair were comparable to those for subjects allocated to a standardised home exercise regime. In the longer-term, most subjects demonstrated marked improvements in passive shoulder range of motion, muscle force, and functional capacity, irrespective of post-operative rehabilitation method. A substantial proportion of subjects who were allocated to rehabilitation via a standardised home exercise regime sought physiotherapy treatment, implying a preference for greater rehabilitation assistance in some subjects following rotator cuff repair. The maximum attainable value was 100%. For each category, a higher score denotes greater disability. For between-group difference, a negative value denotes greater disability for the standardised home exercise group.
